pilepsy is one of the most common neurological disorders, affecting more than 68 million people worldwide. Up to a third of patients have seizures that are refractory to trials of multiple medications and may suffer in terms of cognition, productivity, quality of life, and mortality. For those with focal epilepsy, where seizures are believed to originate from a localizable brain region, surgery is an important treatment option. However, identification of the epileptogenic zone can be challenging, particularly in cases of nonlesional, neocortical epilepsy. Electroencephalography (EEG) interpretation still relies primarily on visual inspection of spontaneous seizures. Various data mining efforts have evaluated seizure onset patterns, high frequency oscillations, and interictal (nonseizure) spiking activity to better delineate areas for resection, but objective, quantified methods have not yet proven reliable enough for widespread adoption. More recently, attention has turned to defining epileptogenic networks to more fully capture complex seizure dynamics and the distribution of epileptic activity. 1 In their recent study published in Brain, Sinha et al 2 investigated the ability of a computation model using baseline (interictal) functional connectivity to predict the epileptogenic potential of cortical areas and postoperative seizure outcomes. They used publicly available subdural strip and grid intracranial monitoring data provided by IEEG portal (https://www.ieeg.org) from 16 patients with pharmacoresistant epilepsy treated at Massachusetts General Hospital and Mayo Clinic. The work was a collaborative effort between researchers at Nanyang Technological University, Newcastle University, University College London, and Harvard Medical School and was supported by funds from To build their model, the authors first constructed a baseline functional network for each patient using interictal EEG recordings. Using a graph representation of the implied network, they treated every electrode in a subdural grid or strip as a node and computed the connectivity between every pair of nodes as a correlation of the 2 signals in limited frequency bands. They then investigated how this baseline network structure, or connectivity matrix, relates to the likelihood of seizure activity in each node. They constructed a mathematical model to predict the transition from the resting (nonseizure) state to the seizure state. Previous work elucidated the different initial conditions that predict onset of seizure activity in each node. 3 This stochastic process focused on how multiple measures of noise input to each node affect escape time, or how quickly the node transitions to the seizure state. In the current study, Sinha et al 2 incorporated patient-specific functional connectivity into their predictive model. They found that measures of network connectivity, specifically node strength and clustering coefficient, were the best predictors of seizures in their model. The model's predictions of seizure likelihood were sometimes, but not always, in agreement with the clinically identified seizure onset zone and subsequent resections. To validate their method, the researchers simulated how removal of nodes in the network (ie, virtual resections) would affect the connectivity matrix of the remaining nodes, average escape time, and thus seizure likelihood. They simulated the actual resections and compared their predicted outcomes to the clinical outcomes. Figure demonstrates 2 examples. Patient P1 had a clinically determined resection that removed nodes with high-simulated seizure likelihood in the model, and the patient had a good surgical outcome (ILAE class I-II). In patient P2, the actual resection removed nodes that the model predicted to have lower seizure likelihood and the result was a poor outcome (ILAE class III-IV). In 16 patients, the predicted outcomes were found to be the same as the clinical outcome for most patients (81.3%), with 87.5% sensitivity and 75% specificity.
This and other recent studies [4] [5] [6] 8 may also further inform future models.
The results are preliminary and there are several limitations. The clinical outcome validation study was done in a small number of patients and limited by the previously chosen resections. The reliability was also lower than some other published models, including one based solely on magnetic resonance imagingderived structural brain morphology. 9 EEG-based measures of correlation are known to vary with physiological circumstances not captured by the model.
